Background: Femoral sulcus angle is particularly important in clinical evaluation of patellofemoral joint. Individuals show considerable differences in asymmetrical dimensions of the femur. Objectives: To determine the size of femoral sulcus angles in adult black Malawians using the skeletal collection in the department of Anatomy, College of Medicine and assess their gender differences; to compare femoral sulcus angles of Malawians with other ethnic groups. Methods: A cross sectional study was done in which femoral sulcus angles of dry bones were measured using a goniometer. Results: There is no significant difference in the mean sulcus angles between right and left femora in males (p=0.8100) and females (p=0.0742); between all males combined and females combined (p=0.8845). There is a significant difference in the mean between all left femora combined and all right femora combined (p=0.0260).
Introduction
The femoral trochlear groove is at the distal part of the femur. The sulcus angle is formed by joining two lines from the highest points on the medial and lateral condyles, which meet at the lowest point on the intercondylar groove Although there has been evidence from the literature that the morphology of the femoral trochlear groove in fetuses is similar to that of adults 3 , individuals have been found to show considerable differences not only in the groove size, but also in all other asymmetrical dimensions of the femur [4] [5] [6] . The shape of the lower extremity of the femur is determined early in development, long before standing and walking
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. During development, it has been demonstrated that the medial condyle is originally larger than the lateral one. It is because of the characteristic change in the position of the femur in adults and the establishment of extension of the knee during walking that the lateral condyle becomes larger than the medial one from about 3 years of age 3, 8 . Gender differences have also been related to hormonal and genetic factors, which affect the closure of epiphyseal plates 9, 10 . Moreover, other morphometric studies have shown that there are gender and ethnic differences in the dimensions of the various parts of the femur 11, 12 . Additional evidence from previous studies in Kenya , China 6 and Malawi 14-16 confirm that differences exist in the distal end of the femora. In light of the foregoing, it is clear that femoral dimensions and their characteristics might be population specific even within the same ethnic grouping and region. It was because of this that this study was designed to obtain baseline morphometric data for this population to determine the size of femoral sulcus angles in adult Malawians using the skeletal collection in the department of Anatomy, College of Medicine and assess their gender differences, and to compare femoral sulcus angles of Malawians with other ethnic groups.
Methods
A total of 196 completely fused femora of 64 males and 34 females, aged 21-82 years, were studied from the skeletal collection in the Department of Anatomy, College of Medicine, University of Malawi. All femora belonged to black Malawian population. The bones had already been categorized by sex and paired (for each individual) using their mass as well as other asymmetrical dimensions. Malformed and broken bones were excluded from the sample. Measurements of the length of the femur, heights of lateral and medial condyles, bicondylar width and depth of the groove were taken on an osteometric board using sliding calipers and rulers. The sulcus angle was directly measured on the femur using a goniometer. This method was adopted and modified from previous studies as shown in Figure 1 17 .
Figure 1:
Method used to measure the sulcus angle. The sulcus angle was defined by lines joining the highest points of the medial and lateral condyles and the lowest point of the intercondylar groove (AB and CB) as described earlier 17 . The angle ABC was then directly measured by a goniometer. All angle measurements were reported in degrees. The study was conducted in accordance with the Anatomy Act No. 14 of 1990 and was approved by the University of Malawi's College of Medicine Research and Ethics Committee (COMREC) with a clearance number P02/10/872.
Data analysis
JMP10 (John's Macintosh Project) software (SAS Institute, Cary, NC, USA) was used for statistical comparisons of the means of the femoral sulcus angles of adult male and female black Malawians; mean sulcus angles of left and right male femora; left and right female femora; all males combined versus all females combined; all right combined versus all left combined using a one way ANO-VA followed by Tukey-Kramer post hoc analysis in order to determine the size of the sulcus angles and assess their sexual differences if any; and also to compare the mean femoral sulcus angles of this population with other ethnic groups. Differences were considered statistically significant when p<0.05.
Results
There was no significant difference in the mean sulcus angles between the right and left dry femora (p=0.0844); all males combined and all females combined (p=0.8845). However, there was a significant difference in the mean sulcus angles between all left femora combined and all right femora combined (p=0.0260) (tables 1 and 2). There were also no significant differences in the mean femoral sulcus angles between the current study and other studies as shown in Table 4 .
Discussion
In this study, no significant difference was found in the mean femoral sulcus angles between males and females.
In a similar study from Turkey conducted on 80 human dry femora and 100 magnetic resonance images (MRI) -50 females, 50 males, Murshed et al reported no significant differences in the mean femoral sulcus angles between males and females
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. Similarly, Nietosvaara, asserted that no significant difference in the mean sulcus angle was noted between sexes in a study of 100 knees of 25 boys and 25 girls 19 . For this reason, observations of the present study suggest that the size of the sulcus angle cannot determine sex in Malawians. This supports earlier studies that have reported that sexual dimorphism is race and population specific 10,14, [20] [21] [22] [23] . Additionally, it has been observed in our study that the mean femoral sulcus angles for males combined and females combined are 142. . These results are in agreement with those found in our study. Therefore, our finding does not only support Brattstrom's and Buard's work, but also extends those of other studies 4, 10, 14, 26 , who established several correlations between various femoral dimensions in which the sulcus angle was not specifically addressed.
Furthermore, no significant differences were observed between left males and right males (p = 0.8100). Likewise, Murshed et al found similar results (p 0.05) 18 . Other studies also indicate that the sulcus angles are not correlated with age, between and within sexes 27 . Thus, the size of the angle cannot determine the side of the femur and gender of an individual.
However, a significant difference was observed in the mean sulcus angles between all right femora combined and all left femora combined (p = 0.0260). Although this evidence is in variance with the findings of other authors 18, 27 , it could be argued that adult Malawian females might be using their right limbs more than their left spontaneously, or this preference could be due to societal emphasis in using one limb more than the other based on the nature of physical activities in which they are involved if such activities really shape musculoskeletal systems as reported by others 9, 28, 29 .
As already noted, the mean sulcus angle of adult Malawians is 142.4
0 . This is in variance with other studies whose results are several degrees smaller This means that there are differences in the mean sulcus angles of different ethnic groups. These variations could not only be due to geographical, nutritional and genetic factors, but also different techniques and methodologies used to assess the angle.
It has been reported that dysplasia of the femoral trochlear groove is the most important etiological factor in recurrent patellar luxation 24 . Because the lateral femoral condyle is larger and projects farther interiorly than the medial condyle, the trochlear groove is thought to provide bony stability resisting laterally directed forces depth of the intercondylar sulcus is a primary cause of lateralization of the patella, other investigators 12 have hypothesized that abnormal patellar kinematics are a result of the patella resting above the trochlear groove. Moreover, other studies have indicated that the shape of the lateral femoral condyle and osteochondritis dissecans may be associated with the development of patellofemoral lesions which are higher in females than males 32 .
Earlier studies have shown that a deep patellar groove with a higher lateral lip has considerable functional significance related to posture and gait
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. Moreover, the lateral trochlear inclination is an important determinant of patellar alignment in weight bearing 33 . This is directly related to the high bicondylar angle in humans, which explains why there is a high frequency of lateral patellar luxation in females than males. On the other hand, other investigators have suggested that the stability of the patella is more a function of the increased tension of both patellar and quadriceps tendons as the knee flexes, and not necessarily a function of the depth of the trochlear groove
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. In other words, the stability of the patellar is multi-factorial. For example, lateral subluxation of the patella is not only associated with high bicondylar angles and low lateral patellar groove margins, but also the involvement of the vastus medialis. Variations in the development of the origin of this muscle are evidenced on the spiral line of the medial aspect of the linear aspera. Such differences may well reflect differences in the action of this muscle in the maintenance of patellar stability 27 .
Conclusion
The current study has provided the mean size of the distal femoral sulcus angle of adult Malawians. There are no significant gender differences in the size of the femoral sulcus angles. Asymmetric dimensions of the femur seem to be population specific, which may suggest the interpretation that this could be genetic, nutrition and varying life styles. Besides that, the different methodologies and equipment used to determine the distal femoral dimensions by different researchers could contribute to the variations in some parameters. This study is clinically important in determining the stability of patell-ofemoral joints.
